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[0001] TTiepresem invention concerns a procedureas 
defined in the preamble to Claim 1 The invention fur- 
ther concerns apparatus as defined in the preamble to 5 
Claim 18. 

[0002] The significance, and occurrence, of wear par- 
tides and other impurities in lubricating and hydraulic 
systems has received increasing attention in recent 
years /Dawson IX Wear Particles: From the Cradle to w 
the <*ave, Proc. of the 18th Leeds-Lyon Symposiumon 
Trfoobgy. Elsevier 1992/. In Oder to increase the serv- 
ice life of apparatus and to improve the refiability of sys- 
tems, apparatus and procedures have been developed 
by which one could better recognize the prevailing con- is 
options with regard to oil as well as components and 
which would enable action to be taken with regard to 
deviations efficiently and at an early enough stage 
/Radzitowsti P.. On-One monitoring of Contaniination 
Level in Hydraulic Ofls p- 199-221, Operational Reliabil- so 
Ity arts Systematic Mafotenance, Bsevter 19917. 
[0003] Non-continuous procedures based on particl e 
counting are known in prior art in which toe size cistrfcu- 
tlon of the particles Is determined, the cleanliness level 
of the oil being determined on the basis thereof. Also 25 
procedures based on filtration of samples are known, in 
which the quantity and type of particulate impurities are 
assayed. Furthermore, spectrometry procedures are 
known by which elements and compouncte present in 
the sample can be identified. 30 
[0004] The problem entorassirig said procedures of 
prior art is that they are only appficable in non-continu- 
ous analyzing in laboratory conditions, 
[0005] However, in the course of development of con- 
rjtion monitoring procedures towards automation the ss 
need has arisen to work out continuously operating 
wear particle analysing methods and apparatus appro- 
priate to be expected to the object 
Hored- 

[0006] A typical continuous procedure is for instance 40 
known through ihe puMcaiton: "Proceedngs, Condition 
Monitoring -91; "On-fine monitoring of ferromagnetic 
debris corw^ntratkxi", p, 324". The procedure is based 
on collecting the parties with a magnet onto a sensor, 
and on inductive deterrrtinalion of the particle concen- 4S 
tratton. The limitation of this procedure, as well as of 
most other on-line, on-site or in-line methods of simple 
design is that none but ferromagnetic particles can be 
assessed. This implies that no information is gained 
concerning other, non-magnetic materials. The parame- so 
ters observed with the sensors are usually the particle 
concentration and/dr count and/or size distrfoution. 
These investors reflect the degree of purity and any 
aggravation of wear conditions (changes of size distri- 
bution). However, these procedures have significant ss 
deficiencies as regards minimum particle size and/dr 
maximum concentration of particles ancVor air bubbles 
and/or free water. 



[0007] A significant drawback of existing on-line, on- 
site or in-line procedures is that only one or two param- 
eters are monitored, which is agniicantiy conducive to 
increased possibility of erroneous diagnosis. This is in 
practice due to the tact that wear particles and other 
impurities may accumulate at certain points in a hydrau- 
lic and lubricating system, whence they may be unex- 
pectedly entrained with the flaw, for instance as a 
consequence of some change in an operating parame- 
ter of the machine, A need has therefore arisen to 
develop procedures and apparatus by which one could 
also ffun information on particle morphology, in order 
that potential changes of wear conditions could be veri- 
fied on the basis of the particles' appearance prior to 
undertaking inspection or repair action, which is often 
very costly. 

[0008] The abject of the invention is to eJimwwte the 
drawbacks mentioned. 

[0009] Specif kaly, the oyect of the invention is tools- 
close an automatic procedure and apparatus based on 
examining the features of wear particles by means of 
which the wear information which the particles carry 
could be analysed in numerical form during running 
[0010] It b further an object of ihe Inventi on to disclose 
a procedure and apparatus by which the sigrificartt deft- 
cencies of existing, previously known procedures ham- 
pering their commercial exptoflability can be efmmated. 
[0011] The procedure of the invention is characterized 
by that which is stated in Claim 1 . The apparatus of the 
invention is characterized by that which is stated in 
Claim 18. 

[001 2] As taught by the invention, the fluid is conveyed 
to an observation point, the fluid is rendered stationary 
at the observation point, a still Image is made of the 
fluid, the image in analog form is digitized, methods of 
digital image processing are applied to determine auto- 
matically from the image certain index values which are 
central hi regard of degree of purity and/or wear situa- 
tion, these values reflecting the size, size distrfoutfon, 
shape, surface structure, light transmittance and colour 
of ihe particles present In the fluid, and the Intorrnatton 
thus obtained is classified with the aid of the index val- 
ues found and of a predetermined set of deduction 
rules, such as an expert system, and the wear situation 
of slkfing and/or rding mechanical contacts in contact 
with the fluid is determined. 

[0013] A specific application of the invention is condi- 
tion monitoring of a hiaicating system or hydraulic sys- 



[0014] The invention affords the advantage that by 
stopping the fluid flow the particles in the flow can be 
recorded for analysis. Hereby. in adefton to terromag- 
netic particles also other particle types can be included 
in the observation which are informationaJly significant, 
such as aluminium, copper, oxide, soot polymer, 
molybdenum sulphide, silica (dust, sand) etc particles, 
and f fores. 

[0015] It is a further advantage of the invention that 
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the wear situation can be followed in real lime adjacent 
to the object that is being monitored. 
[0016] Furthermore, owing to the invention, the proce- 
dure can be substituted for present cumbersome labo- 
ratory analyses, and more accurate and mere versatile 
i nformatio n than before can be gained concerning the 
wear and the cleanliness level of the system. 
[0017] In addition, it is an advantage of the invention 
that monitoring a plurality of parameters and the 
changes occurring In them enables the cleanliness 
class of the fluid to be determined. Furthermore, it ena- 
bles the wear situation of sliding anoVor rolling contacts 
in contact with the fluid to be determined. The proce- 
dure also yields information on particle morphology, so 
that any change in wear situations that may occur can 
be verified on the basis of the particles' appearance 
before undertaking inspection or repair action involving 
high expenditures. The procedure can be applied to 
monitor all or any types of wear mechanism inducing 
abrasive, cutting, adhesive, fatigue and trfoochemica! 
wear mechanisms. The wear mechanisms prevailing in 
the system can be identified by specific features In the 
external shape and appearance of the particle, indicat- 
ing a certain wear mechanism, such features being con- 
verted by means belonging to image processing and 
shape identification into mathematical form for classifi- 
cation. 

[0018] WUh the aid of the procedure, it is possfcleto 
get in time a suggestion to undertake preventive repair 
action before any expensive damage is incurred. The 
expert system may also be arranged to actuate an 
alarm and to make suggestions for repair action. The 
larger the entity Into which the machine under monitor- 
ing has been integrated, the greater the importance of 
its operation being precfictaHe. 
[0019] In an embodiment of the procedure, the still 
image is produced by physically stopping the fluid flow 
at the point of observation. Alternatively, the still Image 
is made by illimnating the moving fluid flow with a flash 
light source, such as a stroboscope lamp. 
[0020] In an embodiment of the procedure, the still 
image is produced by using an exceed ngly short time of 
exposure, such as an exposure on the order of 
1/100,000 second. 

[0021 ] In an embodiment of the procedure, the fluid is 
made to assume the shape of a thin fDm at the point of 
observation in order to enable light transmittance. 
[0022] In an embodiment of the procedure, the image 
in digital form is segmented into a monochromatic 
image and a coloured image, which are further proc- 
essed by methods of digital image processing. 
[0023] In an embodiment of the procedure, immedi- 
ately after stopping the fluid flow and before the parti- 
cles settle on the surface of the lower window, an image 
is produced of the central part of the fluid 
thin film, where the particles have random orient at i on s, 
for particle counting. 

[0024] In an embodiment of the procedure, the image 



is made of the particles present in the fluid, such as 
metallic and/or non-metallic particles, using ilumirtation 
from below. 

[0025] In an embodiment of the procedure, after the 
5 particles have settled on the lower window, an image is 
made of the fluid with its particles on the surface of the 
window, for wear situation analysis, 
[0026] In an embodiment of the procedure, a plurality 
of images is made using various magnifications- 
io [0027] In an embodiment of the procedure, In the 
imaging is used continuous iHurrti nation and/or Humilia- 
tion of photof lash type. 

[0028] In an embodiment of the procedure, in the 
imaging illumination from above and/or from below is 
is used. 

[0029] in an embodiment of the procedure, in the 
imaging white fight, polarised white Ight and/or combi- 
nations of coloured light obtained with fitters, such as 
red light from above and green fight from below, are 
so used. 

[0030] In an embedment of the procedure, prior to 
determining sizes, shapes and surface structures, from 
the image are efiminated. by digital image processing 
methods, any particles which are outside the depth of 
25 focus field of the image-forming optics. 

[0031] In an embodiment of the procedure, images 
are made in statistically signff icant number with a view 
to collecting a time series material which is adequate for 
achieving cleanliness classrflcaticn determination corn- 
so parable with international standards. 

[0032] In an embodiment of the procedure, a so-called 
fuzzy classifier is employed in the set of deduction rules. 
[0033] In an embodiment of the procedure, as an 
intermediate result and before the final wear situation 
36 diagnosis, are reported the classification results from 
the fuzzy dassrfier and the development of the interdis- 
tributionof wear mechanisms, as a function of time 
[0034] in an embodiment of the procedure, as an 
intermediate result and before the final wear situation 
40 diagnosis, is reported as a function of time, the develop- 
ment of fodMdual particle features computed by the 
image processing software, 

[0035] As taugjrt by the invention, the apparatus com- 
prises a body, comprising a measuring passage pass- 
es ing iheretrough. for conducting the fluid flow to and 
away from the imaging point; an aperture extending at 
the imaging point through said body iransversaiy to the 
measuing path; and two imaging windows, supported 
by the body in register with said aperture, the gap 
so between said windows being in flow communication 
with the measuring passage. The apparatus further 
oompises valves for stopping the fluid to be stationary in 
the measuring passage, a photoelectric detector and 
optical means supported by the body, for producing 
be through the imaging windows, images of the fluid and of 
the particles therein; a light source for illuminating the 
object which is being imaged: and a data processing 
device, The data processing device comprises pro- 
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gramme means for d'jgfeing the analog -form image into 
a digital image, lor automatically determining by meth- 
ods of digital image processing from the Image the 
index Values which are central in view of the cleanliness 
level of the fluid and/or the wear situation in the system, 
said characteristic values reflecting the size, size distri- 
bution, shape, surface structure, light transmittance and 
colour of the particles present in the fluid. The data 
processing device further comprises a set of deduction 
rules, such as an expert system, lor classifying the infor- 
mation that has been obtained with the aid of the index 
values determined and for determining the wear situa- 
tion of sliding and/or rolling mechanical contacts in con- 
tact with the fluid. 

[0036] In an embodiment of the apparatus, the appa- 
ratus comprises valves, such as magnetic valves, for 
stopping the fluid flow in the measuring passage for 
making a still image. 

[0037] In an embedment of the apparatus, the fight 
source is a flash light source, such as a stroboscope 
lamp, for making a still image. 

[0038] bi an embodiment of the apparatus, the imag- 
ing windows have been disposed horizontally, with sub- 
stantially small spacing, tar rendering the fluid Into a thin 
fflm at the imaging point 

[0039] ti an embodiment of the apparatus, the soft- 
ware means are dispose d to segment the image in dig- 
ital form into a rnonocrtromatic image and a coloured 
image. 

[00401 In an embodiment of the apparatus, the appa- 
ratus comprises a Ight source beneath for producing 
illumination from below. 

[0041] In an embodiment of the apparatus, the appa- 
ratus comprises a light source above for producing illu- 
mination from above. 

[0042] In an embodiment of the apparatus, the appa- 
ratus comprises filters for polarizing the light from the 
light source andfor fttering It Into different colours or 
combinations thereof. 

[0043] in an embodiment of the apparatus, the photo- 
electric detector is a row-configurated, location-sensi- 
tive detector, such as a line camera. 
[0044] In an embodiment of the apparatus, the photo- 
electric detector is a rnatrix-conflgurated, location-sen- 
sitive detector, such as a CCD camera. 
[0045] in an embodiment of the apparatus, the appa- 
ratus comprises a light conductor composed of optical 
fibres for carrying the light from the Gght source to the 
point of observation. 

[0046] In the following the invention is described in 
detail, referring to the attached drawing, wherein: 

Fig. 1 presents schematically an embocfment of the 
apparatus of the invention for implementing the pro- 
cedure of the invention, 

Fig. 2 presents the body of an embodiment of the 

apparatus of the invention, 

Fig. 3 presents the body of Hg. 2, as viewed in the 



direction Ill-Ill, 

Fig. 4 presents in partial longitudinal section, the 
imaging point of the body of Figs 2 and 3, and 
Fig. 5 presents the schematic principle diagram of 
5 m errtofment of the procedure and apparatus of 
the invention. 

[0047] In Rg. 1 is depicted an apparatus by which it is 
possible to analyse wear particles and other solid impu- 
re rWes present In a flowtog fluid and to determtoe the 
wear situation of mechanical contacts in contact with 
the fluid, continuously and in real time according to the 
on-line principle. 

[0048] The apparatus comprises a plate-ike body 1 as 
75 shown in Figs 2-4 and comprising a horizontal measur- 
ing passage 2 passing therelrough, by which the fluid 
flow is conducted to and away from the imaging point 3. 
The apparatus is inserted e.g. in a hydraulic or hibri eat- 
ing system, in which case hydraulic oil or lubricating oil 
so is conducted into the measuring passage. The body 1 
comprises at the imaging point 3 an aperture 4. passing 
through the body 1 at right angles and transversally to 
the measuring passage 2. Two transparent imaging win- 
dows 5. or glass plates, are connected to the body 1 In 
25 register with the aperture 4. parallel with and spaced 
from each other, so that the fluid can flow through the 
narrow gap, about 1 mm, between the windows 5, The 
gap shapes the fluid into a thin fflm between the win- 
dows 5. in order that light might pass through the fluid. 
so The measuring passage 2 has inside threads on either 
end. in which magnetic valves 6.7 can be inserted. By 
closing the magnetic valves 6,7, the fluid can be 
stopped to be stationary in the measLirwig passage 2. In 
the fluid feeding direction, before the imatfng point 3, is 
as also provided a temperature sensor 16 and a pressure 
transducer 17 tor measuring the temperature and pres- 
sure of the fluid. 

[0049] The apparatus further comprises, connected to 
the body 1 , a photoelectric detector 8 and optica) means 
40 9 and 1 0. Tne photoelectric detector 8 is, for instance, a 
CCD camera, tor producing Images of the fluid and the 
particles through the imaging windows 5. The optical 
means include in the present case an objective lens 9 
and a distance ring 10. The apparatus "further com- 
as prises, connected to the body 1. a light source 11 
beneath it for lluntinaitog from below the object to be 
imaged, and a light source 12 above it tor illuminating 
from above the object to be imaged. The light source 12 
above, the objective lens 9. the distance ring and the 
S3 CCD camera 8 are combined in one entity which can be 
moved with the aid of a transport mechanism 18 per- 
pendicularly relative to the body 1 . it is thus understood 
that the apparatus resembles a microscope fitted with a 
camera. The apparatus further comprises a number of 
sb filters 14, 15 and 19 for polarizing the Ight tromthelight 
source and/or filtering it to different colours or combina- 
tions thereof. In tlie eKamptary apparatus, the fflters 14 
and 15 are disposed between the light source 11 on the 
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underside and the body 1. The top-side fight source 12 
is supported by a tubular component in a horizontal 
plane, and the fitter 19 can be mounted on this compo- 
nent after the top-side light source 12. 
[0050] The apparatus further comprises a data 
processing device 13, e g a microcomputer. It is fur- 
nished with the requisite software means. 
[0051 ] The data processing device 1 3 is further fur- 
nished with a set of deduction rules, provided e.g. in the 
form of an expert system. 

[0052] An em bo dim ent of the procedure is imple- 
mented in that the fluid is conducted from the system 
into the measuring passage, to the imaging point The 
magnetic valves are dosed, whereby the fluid stops in 
the measuring passage and the fluid with particles 
resides as a thin fim between the windows. Immedi- 
ately after stopping the fluid flow, before the particles 
have settled on the lower window, the CCD camera is 
operated to make an image of the central part of the 
fluid brought into the form of a thin film between the win- 
dows, in which Image the metallic and non -metallic par- 
tides have random orientations, using Ilumi nation from 
below; for particle counting. Later, after the partidea 
have settled on the lower window, an Image is made of 
the fluid with particles on window surface level for wear 
situation analysis. Several such imaging processes are 
earned out, using different magnifications, continuous 
illumination and/or photoflash-type illumination, employ- 
ing illumination from above or from below or both simul- 
taneously. As may be required, white light, polarized 
white light and/or combinations of coloured light 
achieved with filters, such as red light from above and 
green fight from below, are used. Images are taken in 
statistically significant number in order to assemble a 
material which is adequate for achieving a deanfinees 
classification determination comparable with interna- 
tional standards. 

[0053] Analysis of the Images Is performed automati- 
cally with the data processing device. The analog image 
from the CCD camera is digitized to become a digital 
Image. The Image In digital form Is segmented Into a 
monochromatic image and a coloured image, which are 
further processed by means of digital image process- 
ing. From the images, index values which are central in 
view of deanflness level and of wear situation are deter- 
mined, these values describing the size, size distribu- 
tion, shape, surface structure, light transmrttance and 
colour of the particles present in the fluid. However, 
prior to determining sizes, shapes and surface struc- 
tures digital image processing methods are employed to 
eliminate from the image such particles which are out- 
side the depth of focus range of the image-forming 
optics. 

[0054] Subsequently, the data obtained from the 
images with the aid of 1ha set of deduction rules is clas- 
sified on the basis of the index values that were found. 
When from the images the feature cornbfrwtions of par- 
tides present in the fluid have been determined, and 



when it is known from before that to a given wear mech- 
anism correspond given feature combinations of the 
particle, one can conclude that the feature combi nation 
determined from the partide is consistent with a certain 

ff wear mechanism. R is possible in this way to determine 
the wear situation of slicing and/or rolling mechanical 
contacts in contact with the fluid. 
[0055] Now follows a doser description of running- 
tine partide analysis, based on machine vision, accord 

w tng to the Invention. The partide analysis can be 
coarsely dratted into three steps: image acquisition, 
image processing and classification and diagnostics. In 
the deduction performed by the expert system the fea- 
ture information from the particles is coupled with user 

75 and construction information ami the user is given an 
estimate of the purity and wear situation. The structure 
of the procedure is illustrated by Fig. 5. 
[0056] Oil used in a hydraulic or lubricating system is 
made to flow through a perfusion cuvette (e.g. that 

so shown in Rgs 1-4). The oil is observed with the aid of a 
CCD camera attached to a microscope. The flow is 
stopped before imaging and the wear particles are 
allowed to settle on the bottom of the imaging chamber, 
upon a glass plate. 

2s [0057] Two images are made of each sample: a pho- 
tograph rich in contrast from below in opposite light for 
partide shape analysis, and a pi olog r aph from above in 
norma) light, which brings out the surface structure. The 
image produced by the camera is digitized from the 

so video signal into memory on the image processing 
board, for analysis. 

[0058] The partidee have been divided into four 
classes according to the wear mechanism which they 
indicate: . 

as 

1. Cutting wear 

2. Ratigue wear 

3. Adhesive wear 

4. Other abrasive or adhesive and abrasive wear. 

40 

[0058] Classification Is based on features describing 
the shape of the body, computed from its outline. For 
dassrficaticn algorithm one may select a so-called fuzzy 
classifier of k nearest neighbours, which is programmed 

46 in a microcomputer. Use of a fuzzy classifier is Justified 
because it is frequently difficult even for an expert to 
determine with assurance which wear mechanism the 
partide under examination represents. However, one or 
several wear mechanisms can always be rejected as 

so being impossible. 

[0080] The classifier is taught by shewing rt images of 
particles belonging to different classes, together with 
-the dassflication information supplied by the expert In 
the teaching stage the memberships in each dass of 

as the partide being taught are given in the form of a vec- 
tor. For instance, a fatigue wear partide belonging to 
Class 2 (fatigue wear) is taught by means of the vector 
[0 1 0 0] . if the expert was uncertain as to the exact clas- 
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sfficationof the partide, it is possWe to teach the clas- 
sifier wrifi uncertain information: for instance, a particle 
representing fatigue wear in the first place but possibly 
also abrasive wear can be taught with the vector 
[0 0.7 0 0.3]. 

[0081] The classifier yields as result the memberships 
In each class of the partide which Is being dassffled, If, 
for instance, the result is the vector [1.0 0 0 0], the fea- 
tures of the object being dasstiied are fully consistent 
with the features of cutting wear partides and the result 
of classification can be considered reliabl a On the other 
hand, if the memberships in several dasses are differ- 
ent from zero and nearly equal, the result of classifica- 
tion is uncertain (e.g. [0.2 0.3 0,3 0.2]}. 
[0062] On the basis of the results, cutting wear parti- 
des (Class 1) and partides representing adhesive wear 
(Class 3) can be rather well identified on the basis of 
their shape. Partides belonging to classes 2 (fatigue 
wear) and 4 (other abrasive or adhesive and abrasive 
wear) frequently resemble each other in shape to the 
extant that examination of the particle's surface struc- 
ture is necessary in order to guarantee a reliable result 
of classification. 

[0063] The surface structure of the wear partide Is 
linked with the wear mechanism, and it is therefore jus- 
tified to associate with the wear diagnostic system of 
lubricating and hydraulic systems such features 
detached from the surface structure which classify sur- 
fed defects in accordance wrth^e wear process. 
[0064] Since image acquisition is based on use of a 
CCD camera, one has to took for the surface structure in 
the internal grey level information of the wear partides, 
which algorithntaiBy implies appfication of so-called 2 
1/2 D methods, when an attempt is made to estimate 
the nature of the damage caused by the wear event As 
an example may be mentioned, for instance, a ridge or 
dale (a scratch). 

[0065] The basis of the first step in the analysis Is 
binartzing and segmentation of the image illuminated 
fiom below, these consisting methodologically of auto- 
matic thresholding and segmenting of the image. In this 
connection the oblong ness of small partides is also 
estimated, which cannot be accomplished with any 
other index values describing shapa Among other fea- 
tures in the software may be mentioned a procedure for 
eliminating optically non-focussed objects. Employing 
the particle outlines determined on the basis of seg- 
menting, the partides are detached from the image illu- 
minated from above so that the surface structure might 
be estimated at the proper point Feature of surface 
structure have not h eretofore been evaluated in any sta- 
tistically significant testing. 

[0066] The feature vector computed by the procedure 
developed for 2 1/2 D surface examination indicates, in 
proportional contributions, the characteristic features 
' discern tole on the surface of the object In addition, the 
average evermess/unevenness of the surface is esti- 
mated The former feature correlates strongly with the 
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strength of unevermess. A rnocfflication of the features is 
based on using the estimated surface normals occur- 
ring within the partide in order to create an " uneven- 
ness map 1 '- 

[0067] Glossy reflections from a wear partide have 
also been considered to indicate unevenness of surface 
structure. On the strength of this an Internal segmenting 
procedure has been developed in which the reflecting 
sites are separated from the background. A more 
detailed description of the procedure Is forgone here 
because the operation consists of a great number of 
steps. With the aid of the procedure the oblongness of 
the reflecting points, their average orientation and the 
deration of the orientation are computed and they are 
classified as oblong and round entities. Furthermore, 
the internal central moments of the partides are estab- 
lished, which furnish indications of the surface struc- 
tures. This portion can be expanded in that the the 
location data of the image dements is fixed in the parti- 
de under examination, whereby the resolution of the 
procedure is Improved. 

[0068] Since in certain situations the colour of the 
wear particle directly indicates the object of wear, the 
colour of the partide supplies unambiguous Information 
to the diagnostics block. Colour analysis is based on 
computing the differences in colour between seg- 
mented partides in a certain colour space, the original 
RGB (red, green and blue) signal is by a multi-step 
translbrmatton converted into a colour space presenta- 
tion appropriate to this purpose. The procedure 
includes a certain teaching step in which the probable 
location in the three-dimensional colour space of cop- 
per, aluminium and iron metals is estimated. The loca- 
tion in the colour space of the plot condensations 
produced by the particles is deterrnined by the colour of 
the partida 

[0069] It has been found in tests carried out using the 
procedure Just described that copper metals can be dte- 
tingiased from iron and aluminium metals The results 
from the testa were manually analysed by comparing 
the locations In the above-mentioned colour space of 
the plot condensations of partides representing the 
three metal types. 

[0070] Advanced image processing methods present 
useful tools in developing automatic partide analysis. 
An absolute advantage is versatility and high degree of 
information. In addition to conventional partide concen- 
tration or size attribution, the analysis can be extended 
to cover also outline or surface structure features, or 
material features such as transparency and odour, giv- 
ing closer indication of the wear mechanisms. When 
applied in run time, the procedure yields information 
which is more covering in time, and the conventional 
sources of error of bottle sampling are also eliminated. 
[0071] On the basfeof the invention an expert system 
for wear partide analysis has been elaborated, which is 
more closely descr bed in the following. The expert sys- 
tem has easy-to-use user interfaces. It can be used to 
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facifitate determination of a machine's condition. The 
particles carried along by a fluid yield information on 
cleanliness and wear situation. The system which has 
been developed can perform a manual test based on 
ferrography and Dichromatic microscopy, auto-test anal- 
ysis on an existing data fBe, image data test based on 
distinguishing on-line particle features by a visual sys- 
tem, and a lubricant test. The results gained by the 
expert system are in good agreement with the results 
obtained from human experts. The system also affords 
possibilities for on -fine queries and help functions. 
[0072] The system is a ferrography-based system 
compled with (Vfcrosoft Visual Basic in Windows envi- 
ronment. The system comprises the following parts and 
functions: easy-to-use user interfaces, a knowledge 
base containing more than 400 rules of wear particle 
analysis, a data base containing data tables tor record- 
ing general test in formation, a particle information table, 
results of analysis, and results of lubricant tests. The 
main steps in the analysis are: 

(1) manual test for off-line ferrographic testing with 
a Dichromatic microscope, 

(2) auto-test for existing particle analysis, 

(3) image test for analysis of on-line particle image 
processing, 

(4) lubricant test tor lubricant analysis. 

[0073] The system furthermore features on-line query 
procedures for data base processing functions. Some 
onfine auxiliary functions have been included in the sys- 
tem. An important part of the system is trend analysis, 
providing a graphic presentation of the changes In wear 
situation in a given machine during a given period of 
time, the period being selectable by the user. The sys- 
tem also comprises procedures printing test information 
and test reports. 

10074] The system has 1 4 taterfaces for performing all 
predetermined operations, each such port having an 
independent functional role and containing functions. All 
the user has to do Is to Input at the port the requisite 
information and to press requisite keys. 
[0075] The particle input parameters rtdude the par- 
tide characteristics which may be utilized in diagnosis 
of wear situation. The following features are collected: 
ferrometalDc or non-ferrometeOic, colours, fundamental 
shapes, surface structure, size, and number. After this 
irTforrnatkxi has been input, 1he system can directly ana- 
lyse these parameters, using the knowledge base, and 
give me respective results. When these parameters and 
the lubricant information have been input, the system 
performs the analysis. The user may check the remarks 
in order to be advised of the lubricant's condition, which 
is determined on the basis of selected, recorded data. 
The first recorded data in the lubricant data table is 
always used to record the data of new ofls. Type of filter- 
ing and pore size are also given to complement the 
lubricant analysis. 



[0076] Through the trend analysis interface are input 
the customer's name, name of the machine, starting 
tkrte and termination time, to define certain test records 
for trend analysis- A trend graph is given for the above- 

s mentioned four different wear types. 

[0077] Through the image analysis interfaces the sys- 
tem Is supplied with the name of the frnage ?Se and the 
number of time points. Two categories "Images" or "Par- 
ticles" can be selected. Trie graphs which are produced 

io represent the changes of Image or particle parameters 
within the selected period of time. Each plot in the 
graphs represents the average value of each image 
parameter during the period selected. 
[0078] In addition to the main interfaces just 

is descrfoed. the system comprises additional ports for 
accomplishing on-line query functions or printing func- 
tions. 

[0079] The nucleus of the system is a knowledge 
base, which is used in replacement of human experts to 

20 derive various results from the different input parame- 
ters, it comprises more than 400 rules of wear particle 
analysis. The rules are dMded into four categories: 
identification of the wear particles' material from the 
characteristics and colours of the particles, analysis of 

25 Hie wear particles' shape and surface structure, analy- 
sis of the wear particles' size and number, and finally 
analysis of the wear situation. These rules cover the 
main aspects of ferr ogr aphy and they are formulated 
using the w rf...then" syntax whereby they are easy to 

30 understand and to modify. It is also easy to add more 
rules to the knowledge base. 
[0000] The data base of the expert system is used to 
store and to process original or deduced data of the 
system. It comprises four tables, each table having Hs 

36 own data structure. The first table is used to record gen- 
eral test information, such as name of the test, custom- 
ers 1 name, test date, etc The second table is used to 
record particle information and to deliver ft Into the 
knowledge base The third table is used to record the 

40 results of analysis which have been deduced in the 
knowledge base. The fourth table Is used to record and 
to analyse lubricant The procedures of the system 
employ these data structures to acquire, store, print 
examine and compute data, and also to communicate 

46 with the knowledge base. A procedure has been planed 
for accompishing analysis of ofl samples: manual test 
automatic test, image test, and lubricant test 
[0081] The system also offers toote for managing the 
data base so that the user can directly view and exam- 

so ine. add, delete, transform and print such date as he 
requires. 

[0082] It is possible on the basis of the profound 
understanding of wear to gjve an accurate Eradication of 
the condition of a machine's parts and to predict the 
be service ffe. At present, the most efficient way to deter- 
mine the condition of a machine appears to be the use, 
in combination, of several lubricant analysts methods, 
such as SOAP, particle count image analysts, etc The 
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information thus obtained is fed into an intelligent, 
human-like diagnostic system, which produces a report 
of the system's concStion and. possfoly, also sugges- 
tions regarding remedial actions. 

[0083] The invention is not exclusively confined to 5 
concern the embodiment examples presented in the 
foregoing: numerous nwdlflcattons are feasible within 
the scope of Ihe inventive idea defined by the claims. 

Claims 70 

1. A procedure for analysing wear particles and other 
sofid impurities present in a flowing fluid and for 
continuously determining the wear situation of 
mechanical contacts in contact with the flowing is 
fluid, characterized in that 

- the fluid is conducted to a point of examination, 

- a still image is made of the fluid, 

the image in analog form is digitized, 20 

- methods of digital knage processing are 
employed to determine from the image, auto- 
matically, the index values central in view of 
cleanliness level and/or wear situation, which 
describe the size, size Distribution, shape, sur- 25 
face structure, light transmittance and/or colour 

of the particles in the fluid, and 

- the information thus obtained is classified with 
the aid of the index values found and of a pre- 
determined set of deduction rides, such as an so 
expert system, and the wear situation of sliding 
and/or rolling mechanical contacts in contact 
with the fluid is determined. 

2. Procedure according to claim 1, characterized in 35 
that the still image is produced by physically stop- 
ping the fluid flow at ihe point of examination and/or 

by Illuminating the fluid flow with a flash Dght 
source. 

40 

3. Procedure according to claim 1 or 2, characterized 
in that the still image is produced by using an 
exceedingly short exposure, such as an exposure 
on the order of 1/100,000 seconds. 

45 

4. Procedure accordrtg to any one of claims 1 -3, char- 
acterized in that the fluid is at the point of examina- 
tion made to become a thin f ilm in order to enable 
Bght transmittance. 

st 

5. Procedure according to any one of claims 1-4, char- 
acterized in that the image in digital form is seg- 
mented into a monochromatic image and a 
coloured image, which are further processed by 
methods of digital image processing. « 

6. Procedure according to any one of claims 1-5, char- 
acterized in that immediately upon stopping the 



fluid flow, prior to settling of the particles on the sur- 
face of the lower window, an image is made of the 
central part of the flu id formed into a thin fftn, where 
the particles have random orientation, for particle 
counting. 

7. Procedure according to claim 6. characterized In 
that the particles present in the fluid, such as metal- 
lic and/or non-metallic particles, are imaged 
employing Illumination from below. 

8. Procedure according to any one of claims 1-7, char- 
acterized in that after the particles have settled on 
Hie lower window, the fluid with particles Is imaged 
on window surface level tor wear situation analysis. 

9. Procedure accordmg to any one of claims 1-8, char- 
acterized in that a plurality of images is made, using 
various magnifications. 

10. Procedure accordfrig to any one of claims 1-9, char- 
acterized in that in the imaging continuous illumina- 
Hon andfor illumination of photo! lash type is 
employed. 

11. Procedure according to any one of claims 1-10, 
characterized in that in the imaging illumination 
ftom above and/or from below is employed 

12. Procedure accorcfing to any one of claims 1-11, 
characterized in that in the imaging white light, 
polarized white light andtor combinations of col- 
oured light accomplished by means of filters, such 
as red light from above and green light from below, 
are employed. 

13. Procedure according to any one of claims 1-12, 
characterized In thai prior to determination of sbes, 
shapes and surface structures from the image are 
by digital image processing methods efiminated 
any particles which are outside the depth of focus 
range of the imaging optics. 

14. Procedure according to any one of claims 1-13, 
characterized in thai images are produced in a sta- 
tistically significant number tor collecting a material 
which is adequate for accomplishing cleanliness 
classification determination comparable with inter- 
national standards. 

15l Procedure according to any one of claims 1-14, 
characterized in that in the set of deduction rules a 
so-called frizzy classif ier is used. 

16. Procedure according to any one of claims 1-15, 
characterized in that as an intermediate result prior 
to final wear situation diagnosis are reported the 
results of dessTicatton from the fuzzy dassilier and 
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the development as a function of time of the interd- 
istribution of ihe wear mechanisms. 

17. Procedure according to any one of claims 1-16, 
characterized k\ that as an intermediate result prior 
to final wear situation diagnosis is reported the 
development as a function of time of Individual par- 
ticle features computed by the image processing 



18. Apparatus for analysing wear particles and other 
solid impurities present in a flowing fluid and for 
continuous determination of the wear situation of 
mechanical contacts in contact with the flawing 
fluid, characterized in that the apparatus comprises 

a body (1). comprising a through-going meas- 
uring passage (2) lor conducting the fluid flow 
to and away from an imaging point (3), an aper- 
ture (4) extending at the imaging point transver- 
saOy to the measuring passage through said 
body, and two imaging windows (5), supported 
by the body in register wHh said aperture, the 
gap between raid windows being In flow com- 
munication with said measuring passage; 

- a photoelectric detector (8) and optical means 
(9,10), supported by said body, for imaging the 
fluid and the particles present therein through 
said imaging windows; 

- a light source (1 1 , 1 2} for Ruminating the object 
which is being imaged; and 

- a data processing device (1 3) comprising 

- * - software means for digitizing the image in 
analog form to become digital and for auto- 
matically determining by methods of digital 
image processing the index values central 
In view of cleanliness level and/or wear sit- 
uation of the system, descrftartg the size, 
size cSstribution, shape, surface structure, 
II ght transmfttance and/or colour of the par- 
tides present in the fluid, and 
- a set of deduction rules, such as an 
expert system, for classifying the informa- 
tion thus obtained wHh the aid of the index 
values found and for determining the wear 
situation of sliding and/or roEng mechani- 
cal contacts in contact with the fluid. 

19. Apparatus according to claim 18, characterized in 
that the apparatus comprises valves (6,7) for stop- 
ping the fluid in the measuring passage to the pur- 
pose of making a still image of the fluid. 

20. Apparatus accordng to claim 18 or 19, character- 
ized in that the fight source (1 1,12) is a flash light 
source, such as a stroboscope lamp, for making a 
still image of the fluid. 



21. Apparatus according to any one of claims 18-20, 
characterized in that the imaging windows (5) are 
disposed horizontally, spaced at a substantially 
small c5 stance, for making the fluid asume Ihe form 

5 of a thin film at the imaging point 

22. Apparatus according to any one of claims 18-21, 
characterized in that the software means have been 
arranged to segment the image in cfigrtal form into a 

70 monochromatic and a coloured image. 

2a Apparatus according to any one of claims 18-22, 
characterized in that the apparatus comprises an 
underside light source (1 1) for accornpfehing iDumi- 
is nation from below. 

24. Apparatus according to any one of claims 18-23, 
characterized in that the apparatus comprises a 
topside light source (1 2) for accomplishing iflumina- 

zo ton from above. 

25. Apparatus according to any one of claims 18-24. 
characterized in that the apparatus comprises fil- 
ters (14.15,19) tor polarizing the light from the light 

25 source and/or filtering rt into cOfferent colours or 
combinations thereof. 

26. Apparatus according to any one of claims 18-25, 
characterized in that the photoelectric detector (8) 

so is a row-shaped, tocafon-^n^tive detector, such 
as a line camera, or a matrix-shaped location-sen- 
sitive detector, such as a CCD camera. 

27. Apparatus according to any one of claims 18-26, 

6 characterized in that the apparatus comprises a 
light conductor composed of optic fibres for con- 
ducting light from the light source (11.12) to the 
point of examination (3). 



4o Palenlanspruche 

1. Veriahren zur Analyse von VerschleiBpartikeln und 
anderen fasten Vferunreinigungen. de in einem ffle- 
Benden Fluid vorhanden sind, und zur torrtmuierti- 
45 chen Bestimrnung des Abnutzungsgrades von 
mechanfecnen Kontakten, die In Kontakt mtt dem 
ffieBertden Fluid sind, 
dadurch geketinzeichnet, dass 

so - das Fluid zu einem Untersuchungspunkt gelei- 
tet wird, 

- ein Standbild von dem Fluid gemacht wird, 

- das Bild in analoger Form drgrtalisiert wird, 

- Veriahren fur die Vferarbeitung von digitalen Ba- 
ss dern verwendet warden, um automatlsch von 

dem Bad cfie fcrtdexwerte, cSe wesentiich in Hin- 
sicht auf das Reinhertsniveau und/bder den 
Abnutzungsgrad sind, zu bestknmen, welche 
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cfie GrOBe, die GrOBenverteilurig, die Form, die 
Oberfiachensiruktur, die LicMdurchJassigkert 
und/oder die Farbe der Parti kBl in dem Fluid 
beschreiben, und 

die so erhaltene Intormationen mit der Hflfe der 
gefundenen Sdlwerte und einem vqbestimnv 
ten Satz von Deducttonsregeln. z.B, elnem 
Expertensystem, Wassffiziert werden, das den 
Abnutzuigsgrad von gloftenden und/oder rol- 
lenden mechantechen KontaKten in Kbntakt mtt 
dem Ruid bestimmt wind. 

2. Verfahren nach Anspoich 1, 
dadurch gekennzeichnet. dass 

StandbiW durch ein physikaTeches Stoppen des 
Ruidflusses an dem Uhtersuchungspunkfc md/oder 
durch Beleuchten des Ruidstroms mit einer Blitz- 
lichiquelle erzeugt wild. 

3. Verfahren nach Anapruch 1 Oder 2, 
dadurch gekennzeichrtet dass 

das Standbild durch die Verwendung einer auBer- 
ordentJich kurzen Beiichtung, z.a einer Belchtung 
einer GrOBenordnung von 1/100.000 Sekunden 
erzeugt wind. 

4. Verfahren nach ein em der AnsprOche 1 bis 3, 
dadmch gekennzeichnet, dass 

das Ruid an dem Untersuchungspunkt zu einem 
dunnen Fim gemacht wind, urn eine Uchttransmis- 
sion zu errnoglichen. 

5. Verfahren rtach einem der AnsprOche 1 bis 4, 
dadurch gekennzeichnet, dass 
dasBMincfigrtalerFormin ©n monoc hrom aftisc h es 
Biid und ein farbiges Bild unterteflt wird, weiche 
water durch Venahren der digitalen Bildverarbei- 
tung behandert warden. 

6. Verfahren nach einem der AnsprOche 1 bis 5, 

unmitteibar nach dem AnhaJten des Ruidflusses 
und vor dem Absetzen von Partikain auf der Ober- 
f lache des unteren Fensters, ein Bad des zentralen 
Bereiches des Ruties gemacht wird, welches in 
einem dOnnen Fflm geformt 1st in dem die Partikel 
eine zufallige Orientierung haben, urn die Partikei 
zu zfihlen. 

7. Verfahren nach Anspruch 6. 
dadiflch gekennzeichnet, dass 

die Partikel, die in dem Fluid vorhanden sind, z-B. 
melaiische und/oder racht-metaflische Partikei, 
durch eine Beleuchtung von unten abgebibet wer- 
den. 

8. Verfahren nach einem der AnsprOche 1 bis 7, 
dadmch gekennzeichnet, dass 



nachdem sich tfe Partfrei auf dem unteren Fenster 
abgelagert haben, das Ruid mit Partikeln auf dem 
FertsteroberfiacherTnrveau fQr cle Analyse des 
Abnutzungsgrades abgebildet wird. 

5 

g. Verfahren nach einem der AnsprOche 1 bis 8, 
dadurch gekennzeichnet, dass 
mehrere Bilder unter Verwendung von unterschied- 
Bchen VergrfJBenjngsgraden gemacht warden. 

TO 

10. Veifehren nach einem der AnsprOche 1 bis 9, 
dadurch gekennzeichnet, dass 

bei der Blderzeugung eine kontinuierliche Beleuch- 
tung und/oder eine Beleuchtung mit einem Fotoblitz 
75 verwendet wird. 

11. Verfahren nach einem der AnsprOche 1 bis 1 0. 
dadurch gekennzeichnet, dass 

bei der Bitderzeugung eine Beleuchtung von cben 
zo uid/oder von unten verwendet wird. 

12. Verfahren nach einem der AnsprOche 1 bis 11, 
dadurch getertrtzelchnet, dass 

bei der Bilderzeugung welBes Ucht, polartelertes 
25 weiBee Ucht und/oder Kbmbi nation en von gefarb- 
tem Licht inter der Verwendung von Rftern benutzt 
wird, z.a rotes Ucht von oben und grflnes Ucht von 
urtea 

30 13. Verfahren nach einem der AnsprOche 1 bis 12, 
dadurch gekennzeichnet, dass 
vor der Beetimmung der GroBen, der Formen und 
der Oberftechenstrukliiren aufgrund des Bildes alio 
Partikel durch Verfahren der cfgitaien Bfldvararbei- 

35 turtg efiminiert werden, cfie auBerhalb der Tiefe des 
Fbkusbereiches der Abbildungsoptiken sind. 

14. Verfahren nach elnem der AnsprOche 1 bis 13, 
dadurch gekennzeichnet, dass 

40 Bilder in einer statistisch signffikanten Anzahl 
erzeugt werden, urn ein Material zu sammein, wel- 
ches geeignet ist, eine Bestimrnung einer Rein- 
heteWassaikation vergleichbar mit internationalen 
Standards durchzufuhren. 

45 

15. Verfahren nach einem der AnsprOche 1 bis 14, 
dadmch gekennzeichnet, dass 

in dem Satz von Deduktiortsregein ein sogen. 
rHizzy-Klassrizierer verwendet wird. 

so 

16. Vertehren nach einem der AnsprOche 1 bis 15, 
dadurch gekennzeichnet, dass 

ate ein ZwerfienresuHat vor der endgQrtigen Dia- 
gnose des Abnutzungsgrades die Resurtate der 
ss raassiffeaticn von dem Fuzzy-KlassSizierer und der 
Entwicklung ale eine Funkticn der Zeit von der 
trrierdstrtoution der AbiagerurHJsmechanismen, 
bertchtetwird. 
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17. Verfahren nach einem der Artspruche 1 bis 16, 
dadurch gekennzeichnet, dass 

als ein Zwischenergebnis vor der endguttigen Dia- 
gnose des Abnutzungsgrades cie Entwicklung als 
offie Funktion der Zeit von incfividueDen Partiketei- c 
genschaften berichtet wad, die durch die BiMverar- 
beitungssoftware berechnet wind. 

18. \torrfchtung zur Analyse von VerschleiBpartikBin 

. und anderen testen Verunreinigungen, die in einem io 
fEeBenden Ruid vorhanden and, und zur korttinu- 
ierfichen Bestimmung des Abnutzungsgrades von 
mechanise* en Kdntakten, cfie in Kbntakt mit dem 
fGeBenden Fluid si rid, 

dadurch gekennzeichnet, dass is 
cfie Vbrrichtung lotgendes umfasst 

einen Kbrper (1), der eine durchgehende Mes- 
spassage zur Letting des Ruidflusses zu 
einem imaginaren Punkt (3) und von cSesem so 
weg, eine Apertur (4), die slch an dem Imagina- 
ren Punkt transversal zu der Messpassage 
durch den KOrper erstreckt, und zwei Abbil- 
dungsfBnstBr (5), die dutch den KOrper unter- 
stutzt und in der Apertur eingefasst sind, wobei 2S 
der Spalt zwischen den Fenstern in einer Rus- 
stornmurriKation mit der Me ss p a ssage ist; 
einen fotoelektrischen Detektor (8) und opti- 
sche IVGtteJ (9, 10), diedurch den KOrper unter- 
stutzt sind, zur AbbikJung des Fluides und der so 
darin enthaltenen Parti ke! durch die Abbil- 
dungsfertster; 

eine Lichtquelle (11, 12) zur Beleuchtung des 

abzubfldertden Objektes; und 

eine Datenvefaib^tu i i g s vor richtung (13), die sb 

umfasst 

Softwaremittel fur die Digrtalisierung des Bildes 
In anaSoger Form, damtt dieses digital wird, und 
zur airtomatischen Bestimmung der Index- 
wale durch Vertahren der digHalen BUdverar- 40 
beltung. die weserrtllch In Undent auf das 
Reinheitsnrveau und/bder den Abnutzungsgrad 
des Systemes sind. welche die GrOBe, die QrO- 
eenverteflung, cfie Form, die Oberf lachenstruk- 
lur. die Uchtdurchlassigkait uncVbder die Farbe 46 
der Parti kai beschrefcen, cfie in dam Fluid vor- 
handen sind, und 

einen Satz von DeduMionsregeln, z.B. ein 
Expertensystem zur Klassfizierung der - so 
erhaitenen Inforrnationen mit der Kfitfe der so 
gefundenen Indexwerte und zur Bestimmung 
des Abnutzungsgrades von gJeitenden 
und/bder roiienden mectanischen Kbntakten, 
die in Kbntakt mrt dem Fluid sind. 

SB 

19. Vbrrichtung nach Anspruch 18, 
dadurch gekennzeichnet, dass 

cfie VbnichtLrfg VentBe (6, 7) zum Anhaften des 



Ruides in der Me 



umfasst, um ein 



StandbiU des Ruides zu machen. 

20. Vorrichturig nach Anspruch 18 Oder 19, 
dadurch gekennzeichnet, dass 

die Lichtquelle (11, 12) eine Bftzfchtquelle, z.a 
eine Strobostapiampe ist um ein Standbfld des 
Ruides zu machen. 

21 . Vbrrichtung nach einem der AnsprOche 1 8 bis 20, 
dadurch gekennzeichnet, dass 

die Abbitdungsfenster (5) horizontal und mit einer 
im Wesenffichen W einen Distanz beabstartdet von- 
einander angeordnet sind, um zu bewirken, dass 
das Fluid an dm imaginaren Punkt die Form eirtes 
dun nen Rimes annimmt 

22. VbrTichtung nach einem der AnsprOche 18 bis 21. 
dadurch gekennzeichnet, dass 

das Softwaremittei angeordnet ist um das aid in 
digital er Form In ein monochromatlsches und ein 
farbtges Bild zu unrtsrteilen. 

23. Vbrrichtung nach einem dar AnsprOche 18 bis 22. 
dadurch gekennzeichnet, dass 

cfie Morrichtung eine Urrtarseitenlichtquele (11) zur 
Bereitstellung einer Beleuchtung von unten 
umfasst 

24. VDrrichtung nach einem der Anspruche 1 8 bis 22, 
dadurch gekennzeichnet, dass 

die Vbrrichtung tine OberseiterdichiqueJIe (12) for 
cfie BereHsteilung einer Beleuchtung von aben 
umtessL 

25. Vbmchtung nach einem der Anspruche 18 bis 24. 
dadurch gekennzeichnet, dass 

cfie Vbrrichtung Filter (14, 15, 19) umfasst fur die 
Polarisierung des Lichtes von der Uchtquelle 
und/bder um dieses Licht in verschiedene Farben 
oder Komblnatlonen derseben zu f litem. 

26. Vcnichtung nach einem der AnsprOche 18 bis 25. 
dadurch gekennzeichnet, dass 

der fctoelektarische Detektor (8) ein zeilenffirmtger 
ortssensftiver Detektor. z.B. eine Zeaenkamera 
oder ein matrixformiger ortssertsitiver Detektor, z.B. 
eine CCD-Kamera ist 

27. Vbnichtung nach einem der Anspruche 18 bis 26. 
dadurch gekennzeichnet, dass 

die Vbnichtung einen Lichtieiter umfasst. der opti- 
sche Uchtweiienieiter zur Leitung des Lichtes von 
der LichtqueDe (11, 12) zu dem Unrtersuchungs- 
punkt (3) beinhaftet 
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Methode permettant cTanalyser des particules 
resultant d'usure et autres impuretes solides pre- 
sentes dans un flitide drcutant et de determiner en 
continu, la situation d'usure de contacts mecani- 
ques en contact avec le flulde circulant, caracteri- 
see en ce que 

le flulde est conduit Jusqu'a un point d'examen, 

une Image fixe est prise du fluids, 

- llmage anaiogjque est numensee, 

- dee procedes de traitements d image numeri- 
que sont employes pour determiner automafr 
quement, a partir de rimage, lee valeurs 
dlndtces centrales au plan du niveau de pro- 
prete et/ou de la situation d'usure, qui decrivent 
la taille, la composition granulometrlque, la 
forme, la structure superficieUe, la transmission 
de la lumiere et/ou la couleur des particules 
preserves dans leflulde, et 

- les informations ainsi ototomies sont classees a 
I'aJde des valours cfindices trouvees et d*un jeu 
predetermine de regjes de deduction, tel qu'un 
systems expert etla situation cfusure des con- 
tacts mecarriques roulant et/ou coufissant en 

:lefliidee 



particules sur la surface de la fenetre inferieure, 
une image est faite de la partie centraie du f luide 
forme an une couche mines, ou les particules ont 
une orientation aleatoire, afin de compter les parti- 



ID 



IS 



20 9. 



2. Methods selon la reverxficaiton 1. caracterisee en 
ce que llmage fixe est pradurte par un arret physi- 
que de recoUement du f luide au point d'examen 
et/ou en edairant recoufernent du fluids avec une 
source orectairs. 

X Methode selon la revendication 1 ou 2, caracterisee 
en ce que llmage f ixe est produrte en utflrsant une 
exposition extremementcourte, telle qutme exposi- 
tion de I'ordre de 1/100000 seconde. 

4. Methode selon Tune quelconque des revencfica- 
tions 1 a 3, caracterisee en ce que le I luide est au 
point d'examen, transform* en une couche mince 
afin depermettre la transmission de le lumiere 

6. Methode selon l ime quelconque des reventfea- 
tions 1 a 4, caracterisee en ce que llmage sous 
forme numenque est segmentee en une image 
rnonochromatique et une image coioree qui sont en 
outre traitees grace aux procedes de trarfcement 
dlmage numerique. 

6- Methode selon l une quelconque des revencfica- 
tions 1 a 5. caracterfeee en ce que, des I'arret de 
recoulement du fluids, avant de fairs deposer les 



Methods selon la revendtaattan 6. caracterisee en 
ce que les particules presentesdans le f luide, teltes 
que des particules metalEques etfou non metaJli- 
ques, sont mises en Image an employant un edal- 
rage par au-dessous. 

Methode selon I'une quelconque des revenoTca- 
tionsl a 7, caracterisee en ce que, lorsque les par- 
ticules se sontdeposees sur la fenetre inferieure, le 
fluids contenant les particules est mis en image sur 
la surface de le fenetre aux fins d'analyse de la 
situation d'usure. 

Methode seion I'une quelconque des reventfica- 
ttons 1 a 8. caracterisee en ce quline pluraflte 
cTirnagas est faite. en utiBsant differents 
sementa. 



1a Methode seion i'une quelconque des revendica- 
tions 1 a 9. caracterisee an ce que lors de la prise 
cf Image, un edairage continu etfou un edairage du 
type photoedair est utilise. 

11. Methode seion lune quelconque des revendica- 
tionsl a10,caractBriseeanf»qu«lofsctelapnse 
dlmage, un edairage de deeeue et/ou de dessous 
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12. Methode seion I'une quelconque des revendica- 
tiorsl all.caractBriseeencequeloTsdelapriss 
dlmage. de la lumiere blanche, polarisee a la 
lumiere blanche et/ou des comblnateons da lumiere 
coioree reafeees grace a des f litres, comme de la 
lumiere rouge par dessus et de la lumiere verte par 
desscus, sont utflteees. 

ia. Methode setan Itine quelconque des revencfica- 
tions 1 a 12, caracterisee an ce que, avant la deter- 
mination de la taille, de la forme et de la structure 
superfidele de llmage, toutes les particules qui ne 
sont pas comprises dans la gamme de mise au 
point de i'optique da prise dlmage sont elirranees 
grace aux procedes de traitement dTimage numeri- 

C^iS. 

14. Methode seton I'une quelconque des revendica- 
ttons 1 a 1 3. caracterisee en ce que les images sont 
produites en un nombre statiquement sigmficatrf 
pour collector une matiere adequate pour realiser 
une determination de classification de prcprete 
comparable aux normes mternationaJes. 
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15. Methode selon rune quelconque des revendica- 
tionsl ai4,caracteris6eenoeqje p clanslejeude 
regies da deduction, un dasstBca ie ur d'rt flou est uti- 

16. Methode selon rune queJconque dee revendica- 
Bonsl a 15. caracterlsee on ce que les resuttats de 
la classification otrtenus grace au dassrficateur flou 
atosi que la deveioppement en fonction du temps 
de llrter-repartftlon des mecanismes tfusure sort 
rapportes on tarrt que resuttat intermediare prece- 
dant le diagnostic final de situation d'usura 

17. Methods salon rune quelconque des revendi ca- 
tions 1 h 16, caracteris^e en ce que le d£vdoppe- 
ment en fonction du temps des cajacteristiques des 
parti cules separess caJcuJees par le togicieJ de tral- 
tement dlmage est rapporte on tarn que resuttat 
intermetfaire precedant le diagnostic final de situa- 
tion dtraure- 

18. AppareO permettant d'analyser des particutes 
resultant erasure eft autres impuretes sofides pre- 
serrtes dans un fluide drculant el de determiner en 
continu la situation d"usure de contacts mecani- 
ques an contact avec le fluide cfcuJart. caracteri- 
see on ce que i'appareil cornprend 

- un corps (1), comprenant un passage de 
mesure (2) traversant permettant de conduire 
recoulement du fluide en direction de, etapar- 
tir cTun point de prise dlmage (3), une ouver- 
ture (4) s'etendant au point de prise dlmage 
perpend teulair em ant au passage de mesure, a 
travers lecfit corps, et deux fenetres de prise 
dlmage (5). supportaes par le corps de facon a 
etre calees avec iaxfete ouverture. nnterstice 
antra les deux cites fendtres etant an commu- 
nication fiuidique avec (edit passage de 
mesure ; 

- un detecteur photo&ectrique (8) et des moyens 
optiques (9, 10) supportes par ledrt corps, pour 
la prise dlmage dufluidoetdus parlicules pre- 
sentes dans celui-cJ a travers lesdites fenetres 
de prise dlmages ; 

- une source lumirieuse (11. 12) pour ectairer 
robjet dont on prend une image ; et 

un dispositif de traitement de donnees (13), 
comprenant : 

- un moyen togicieJ pour numeriser rimage 
sous forme analog ique aftn qu'efle 
devierme rtumerique et pour determiner 
autonTatiquemenl au moyen de precedes 
de traitement dlmage numerique, les 



valeurs dincfice c entral es au plan du 
niveau de proprete et/bu de la situation 
d'usura du systems, decrtvant la taille, la 
compositi on granulometrique, la forme, la 
s structure superficiefla. la transmission de 

la lumiere et/ou la couleur des parlicules 
presantes dans le fluide, el 

- -unjeude regies de deduction, commeun 
io systeme expert pour classer les Informa- 

tions ainsi obtenues a Paide des valeurs 
dincfice trouvees et pour determiner la 
situation d"usure des contacts rnecaniques 
roulant et/ou coufssant en contact avec le 
75 fluide. 

19. Appareil salon la reverxfication 18, caractertee an 
ce que rappareil cornprend des soupapes (6, 7) 
pour arrfiter le fluide dans le passage de mesure 

20 dans le but de prendre une image fixe du fluide 

20. Appareil salon la revendication 18 ou 19, caracte- 
nse en ce que la source lumineuse (1 1, 12) est une 
source lumtneuse eclair, tel qutine lampe strobos- 

& oopique, pour prendre une image fixe du fluide. 

21. Appareil seJon rune quelconque des revencfications 
18 a 20, caractense an ce que les lenetres dlmage 
(5) sort disposers honzontBlement, espacees 

so seion une distance essentietlement petite, aftn de 
faire prenoVe au fluids la forme dune couche mince 
au point de prise dlmage. 

22. Appareil selon rune qualconque des revertdicatiens 
35 18 a 21, caractense en ce que le moyen logidel a 

ete agance pour segmenter rimage sous forme 
numerique en une image rrttrachrornatique el 
cotoree. 

40 23. Appareil selon Tune quelconque des revencfications 
18 a 22, car act arise on ce que I'apparell cornprend 
une source lumineuse situee au-dessous (1 1 ) pour 
realiser Peciairage par dessous. 

45 24. Appar8il selon rune quelconque des revendications 
18 a 23, caracterise en ce que rappareil cornprend 
une source lumirieuse situee au-dessus (12) pour 
realiser Pedal rage par dessus, 

so 25. Appareil seion Tune quelconque des revertdicaticrts 
18 a 24, caractense an ce que rappareil cornprend 
desfittres(14, 15, 19) pour poiariser la lumiere pro- 
venant de la source lumxieuse et/ou pour la filtrer 
en drfferentes couleurs ou combinaisona. 

56 

26. Appareil selon Tune quelconque des revencfications 
18 & 25. caractense on ce que le detect but photoe- 
lectrique (6) est un dfitecteur sensible a la position 



13 



25 



EP 0672 243 B1 



et forrrte en Ggne, tel qiAjne camera en figne, ou un 
d6tecteur sensible a la position an forme -de 
matrice, comma una camera CCD. 

27. Apparel! salon runaqueJconqije des revindications s 
18 a 26, caractensS en ce que rappareil oomprend 
un conducteur de lumJere compose de ffcres optl- 
ques pour conduire la lumiere provenant de la 
source lumineuse (11.12) jusqi/au point d'examen 
(3). 10 



IS 



30 



40 



SO 



14 



EP 0 672 243 B1 




16 



EP 0 672 243 B1 



Object J 
under mo -J 
altering | 



Image da- 




ta aqui- 




sition 





Image data 

processing/ 

classification 




Particle 
Information 




User and constructive 
information 



□ 



i 



Wear 

situation 
Diagnosis 



Diagnostics 
Sets of 
rules 



Fig 5 



17 



•• ^ .k. .::''>■/) •■ • ■tA.-i.-iia^ a& — «_t*.. 



